High specific activity 6'-N43Hjdansyl)aminohexyl 1-thio-fl-D-galactopyranoside Recent studies with (N-dansyl)aminoalkyl 13-D-galactopyranosides (1-4) and (2-nitro-4-azidophenyl)13-D-galactopyranosides (5, 6) indicate that the lac carrier protein in membrane vesicles isolated from Escherichia coli does not bind ligand significantly in the absence of a membrane potential (interior negative). As a result of D-lactate or reduced phenazine methosulfate oxidation, or artificially induced ion gradients, an electrical potential is generated across the vesicle membrane (7-10), and changes in dansylgalactoside fluorescence and azidophenylgalactoside-dependent photoinactivation are observed. Alternatively, dilution-induced, carriermediated lactose efflux also causes changes in dansylgalactoside fluorescence in a manner which is apparently independent of the membrane potential (2). Based on these observations, it has been postulated (2) that the membrane potential causes the lac carrier protein to become accessible to the external medium, to increase its affinity for ligand, or both; and it has been suggested that the lac carrier protein or a part of it may be negatively charged.
Recent studies with (N-dansyl)aminoalkyl 13-D-galactopyranosides (1-4) and (2-nitro-4-azidophenyl)13-D-galactopyranosides (5, 6) indicate that the lac carrier protein in membrane vesicles isolated from Escherichia coli does not bind ligand significantly in the absence of a membrane potential (interior negative). As a result of D-lactate or reduced phenazine methosulfate oxidation, or artificially induced ion gradients, an electrical potential is generated across the vesicle membrane (7) (8) (9) (10) , and changes in dansylgalactoside fluorescence and azidophenylgalactoside-dependent photoinactivation are observed. Alternatively, dilution-induced, carriermediated lactose efflux also causes changes in dansylgalactoside fluorescence in a manner which is apparently independent of the membrane potential (2) . Based on these observations, it has been postulated (2) that the membrane potential causes the lac carrier protein to become accessible to the external medium, to increase its affinity for ligand, or both; and it has been suggested that the lac carrier protein or a part of it may be negatively charged.
The strength of these conclusions rests heavily on the contention that the fluorescence changes observed with the dansylgalactosides are due specifically to binding and not to a subsequent translocational event, and this aspect of the problem has been approached in several ways. It has been demAbbreviations: Dns2-Gal, 2'-(N-dansyl)aminoethyl 1-thio-fl-Dgalactopyranoside; Dns6-Gal, 6'-(N-dansyl)aminohexyl 1-thio-f-Dgalactopyranoside (in previous papers of this series, the abbreviations DG2 and DG6 were used); CCCP, carbonylcyanide m-chlorophenylhydrazone; p-CMBS, p-chloromercuribenzenesulfonate; TDG, (3--galactosyl 1-thio-,B-galactopyranoside. * This is paper XXXI in the series "Mechanisms of Active Transport in Isolated Bacterial Membrane Vesicles." Paper XXX is given in ref. 4. onstrated that there is a marked increase in fluorescence anisotropy of 2'-(N-dansyl)aminoethyl 1-thio-13-D-galactopyranoside (Dns2-Gal) on "energization" of membrane vesicles containing the lac carrier protein (2, 4) , and that the lifetime of its excited-state is increased when the molecule is bound (4) . Concurrently, the rotational diffusion of Dns2-Gal is dramatically decreased (4) . In addition, it has been demonstrated by various means that the dansylgalactosides are not transported to any extent (1-3), and finally that p-chloromercuribenzenesulfonate (p-CMBS) causes rapid reversal of D-lactate-induced dansylgalactoside fluorescence although it does not cause efflux of lactose from the intravesicular pool (3). The latter finding indicates that the changes in dansylgalactoside fluorescence observed on energization cannot be attributed to binding followed by translocation into the hydrophobic milieu of the membrane. As discussed previously (9) , these conclusions represent a significant departure from previous notions regarding the mechanism of active transport. For Binding was assayed by flow dialysis as described in Methods. The upper chamber contained 0.05 M potassium phosphate (pH 6.6), 0.01 M magnesium sulfate, and the designated membrane vesicles (2.4 mg of membrane protein per ml) in a total volume of 0.8 ml. The experiment was started by addition of [3HJDns6-Gal (2500 Ci/mol) at a final concentration of 3.2 gM. When indicated lithium D-lactate was added to the upper chamber (l) to give a final concentration of 20 mM (0). Nonradioactive Dns6-Gal Mt) was added with solutions sufficiently concentrated so that the volume of the upper chamber was increased by less than 3%. Fractions of 2.0 ml were collected, and 0.5-ml aliquots were assayed for radioactivity by addition of 10.0 ml of Instabray (Yorktown Research) and counting in a liquid scintillation spectrometer (Beckman LS-250). (0) No D-lactate. 0.8 ml), and at an appropriate time [3H]Dns6-Gal was added through the aperture in the top wall. Potassium phosphate (0.05 M, pH 6.6) was pumped through the lower chamber at a rate of 4.0 ml/min using a Pharmacia pump (model P3). Fractions of 2.0 ml were collected and sampled for radioactivity by liquid scintillation spectrometry.
Fluorescence Measurements. Fluorescence was measured at an angle of 900 with a Perkin-Elmer Hitachi MPF-4 spectrofluorometer using 1 X 1 cm cuvette as described (1-3). The sample chamber was maintained at 250 with a circulating water bath. The light band pass for excitation and emission was 6 nm. Additions to the cuvette were made with Hamilton microsyringes and mixing was accomplished within 3-5 sec using a small plastic stick.
Preparation of [3HJDns6-Gal. 6-Aminohexyl 1-thio-fl-Dgalactopyranoside (13) was dansylated with [U-3H]dansyl chloride (30,000 Ci/mol) using the procedure described for the synthesis of Dns6-Gal (2). The final product was over 99% pure as judged by previous criteria (2) , and the specific activity was diluted appropriately by addition of nonradioactive Dns6-Gal.
Protein was determined by the method of Lowry et al. (14) .
Materials. Dns6-Gal was synthesized by methods described (2 
RESULTS AND DISCUSSION
The data presented in Fig. 1 (Fig. 1A) . Using these data, the amount of Dns6-Gal bound at each Dns6-Gal concentration can be calculated (12) , and the binding constant (KD) of the lac carrier protein for Dns6-Gal and the number of Dns6-Gal binding sites can be determined (Fig. 2B) . Clearly, 1-lactate-induced Dns6-Gal binding is a saturable function of the Dns6-Gal concentration. The apparent KD calculated from the Scat- (2, 5, 6, 9, 10) indicate that the ability of membrane vesicles containing the lac carrier protein to bind ligand in the external medium depends upon the generation of a membrane potential (interior negative). Thus, agents that collapse the potential prevent D-lactate-induced Dns6-Gal fluorescence and D-lactate-dependent azidophenylgalactoside photoinactivation. As shown by the experiment presented in Fig. 3A [3H]Dns6-Gal binding was determined by flow dialysis exactly as described in Fig. 1A, and (20) and subsequently by binding assays (18) . In addition, it should be emphasized that the total amount of M protein as determined by Jones and Kennedy (19) is very similar to the number of dansylgalactoside binding sites as determined by fluorescence titration (Fig. 2 and refs. 1 and 2 ) or by direct binding assays (Fig. 2 ). Since it is entirely possible that the techniques we have utilized previously (1) (2) (3) (4) (5) (6) and in this paper may not be sufficiently sensitive to detect less than 10% of the binding observed under energized conditions, there may be no real discrepancy. In any case, regardless of whether or not there is a small amount of binding in the nonenergized state, it seems quite clear from this and the previous studies (1-6) that the great bulk of the lac carrier protein is unable to bind ligand unless the membrane is energized.
